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法，使用 MATLAB 软件实现曲线拟合与计算。同时，采集一定数量的 RB211-535E4
发动机排气温度海平面裕度数据，拟合了具有广泛意义的排气温度裕度衰退曲
线。论文主要完成了以下工作： 




































MATLAB based EGT linear regression model and EGTM 
decline model for RB211-535E4 engine 
 
Abstract: Combining practical matters base on civil aviation engine 
performance monitoring, this thesis gathers the QAR data, chooses those 
parameters which are impact Exhaust Gas Temperature(EGT), use multiple 
linear regression method in curve fitting and function fitting to carry 
on the curve and expression fitting and the calculations of data by MATLAB 
software. Meanwhile, this thesis collects a certain amount of data, which 
was defined as RB211-535E4 engine Exhaust Gas Temperature Sea level Margin 
(EGTM S_L) in COMPASS software, and use it to generate the EGTM decline 
curve of extensive significance. These are the main content of this 
thesis: 
 
1 Collecting a certain amount of EGT sea level margin raw data, base on 
RB211-535E4 engine on wing data in XIAMEN AIR 757-200 fleet. The data were 
used to develop a mathematical model and generate the EGTM decline curve. 
The result can be used to predict the EGTM decline rate for a long period 
for any individual RB211-535E4 engine which has been accomplish first 
overhaul. 
 
2 Selecting those parameter which have a major impact on EGT, such as N1 
(engine fan speed), OAT (outside air temperature), ALT (outside pressure 
altitude), TIME (engine acceleration time).Those data will be collected 
by flight recorder and stored in the QAR disk. After decoding and analyzing 
those data, we used EGT as dependent variable, and N1, OAT, ALT and TIME 
as the independent variables. Using multiple linear regression method in 
curve fitting and using function fitting to carry on the curve and 
expression fitting and the calculations of data, those functions are 
available in MATLAB. And then, the thesis makes a regression testing and 
analysis for the established model. 
 
3 The established model is checked by a sequence of actual measured EGT 
data and other parameter data. Comparing the actual EGT data with 
forecasting value (add actual EGTM), the result is satisfactory. 
 
Therefore, the production of this thesis can be applied in RB211-535 E4 
engine performance management system. It can be used to monitor those 
engines of low EGTM more effectively and accurately, in order to avoid 
financial loss due to replace engine too early. It can serve as the data 














it can predict accurately whether an engine will be over temperature or 
not at a particular OAT and ALT. The airline company can choose appropriate 
aircraft to mandate the implementation of high-hot operation flight based 
on a known engine EGTM. Those theories and methods used by the thesis can 
also be applied to other types civil aviation engine, contributed to 
achieve the refine management of engine performance monitoring. 
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第 1 章 序言 




























































































3）根据 EGT 的线性回归方程和 EGT 裕度的衰退模板，实现已知 EGT 裕度发
动机的长期使用预测，辅助制定下发决策。 
1.4 论文的结构 






























第 2 章 多元线性回归分析 















































           （2.2） 
写成矩阵形式为 












































































































   1）量x1，x2，x3，…, xp是确定性变量，不是随机变量，且要求Rank(X)=p+1<n，
它表示这里设计矩阵X中的自变量列之间不相关，样本容量的个数应大于自变量
的个数，X是一个满秩矩阵。 
      2）随机误差项具有 0均值和等方差，即： 










































所以随机向量 y 遵从 n 为正态分布，即 y~N（Xβ， nI ）。 
2.2 回归参数估计 
当（X’X)-1存在时，回归参数的普通 小二乘估计为： 
              yXXX '1' )(ˆ 
称 
                             （2.3） pp xxxy  ˆˆˆˆˆ 22110  
为经验回归方程。回归值：  ippii xxxy  ˆˆˆˆˆ 22110  






















    回归方程的显著性检验是检验所有自变量作为一个整体与因变量之间是否
有显著的线性相关关系。对多元线性回归方程的显著性检验是检验自变量x1，x2，
x3，…, xp从整体上对因变量y是否有明显的影响，并提出原假设： 
           0: 210  pH    
如果H0被接受，则表明随机变量y与x1，x2，x3，…, xp之间的关系不适合用线性
回归模型解释。构造F检验值统计量如下： 












性水平α下查F分布表，得出临界值 ,( )1 pnpF > ,( pF 绝。当F 时，拒)1 pn
原假设H0，认为在显著性水平α下，y对x1，x2，x3，…, xp有显著的线性关系，


































































t 时，拒绝原假设 0:0 jjH  ，认为 j 显著不为零，自变量xj对因变量
y的线性效果显著；当 jt ≤
2






































第 3 章 论文背景信息介绍和数据采集来源 
第 3 章 论文背景信息介绍和数据采集来源 
3.1 波音 757 飞机与RB211-535 发动机 
波音 757 飞机是波音公司生产的 200 座级单走道双发窄体中程民航运输机。
由于 70 年代石油价格猛涨，燃油消耗占航空运输直接使用成本提高。当时所使
用的民航客机燃油消耗较高，因此，迫切需要低油耗的新型民航客机。在 20 世
纪 70 年代中期，波音决定研制 200 座级新机型以取代波音 727、部分波音 707。
初定名为 7N7(N:窄体），在获得英国航空公司和美国东方航空公司的 40 架启
动订单和 42 架意向订货后，波音公司在 1979 年 3 月正式启动了 7N7 研制计划，
1979 年末，7N7 正式更名为波音 757。1982 年 2 月波音 757 飞机首飞，同年 12
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